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Mammograms of the non-cancerous breast of 183 women with unilateral breast cancer were compared with mammograms from two age-matched control groups: a group of asymptomatic women attending a screening centre, and a group of symptomatic women referred for the diagnostic evaluation of suspected breast disease. Films were arranged in random sequence and independently classified by 3 radiologists.
A strong and statistically significant association was found between mammographic dysplasia and breast cancer when controls from the screening centre were compared to cases, but not when cases were compared to women referred for the diagnostic evaluation of breast disease. This result appears to arise in part because of an association between symptoms of benign breast disease and mammographic dysplasia, and suggests that some previous negative studies of the association of mammographic patterns with breast cancer may have arisen from the inclusion of symptomatic subjects as controls.
WTOLFE HAS DESCRIBED) a method of classifying the mammographic appearances of ductal prominence and dysplasia that is reported to identify individuals at different risks for the development of breast cancer (Wolfe, 1976a,b) . However, not all subsequent studies of these mammographic patterns by other investigators have confirmed this finding. A review of these studies has revealed several differences in research design and methodology that might explain the conflicting results.
Some studies report the incidence of breast cancer in a cohort of women classified according to their initial mammographic characteristics (Egan & Mosteller, 1977; Egan & McSweeney, 1979; Krook et al., 1978; Krook, 1978; Threatt et al., 1980; Moskowitz et al., 1980; Ernster et al., 1980) . In others, the prevalence of breast cancer detected at the first examination within each category of mammographic pattern is described (Egan & Mosteller, 1977; Krook, 1978; Kessler & Fischedick, 1980) . Still others have used a case-control design, not always with a formally constituted control group, in which the prevalence of each mammographic pattern in a group of women with diagnosed breast cancer is compared to that of controls (Mendell et al., 1977; Rideout & Poon, 1977; Hainline et al., 1978; Wilkinson et al., 1977; Doyle et al., 1-979; Chaffe et al., 1979 (Boyd etal., 1982) .
MATERIALS AND METHODS
We selected 2 groups of controls, one from a screening centre and the other from a diagnostic referral service, and a group of histologically verified breast-cancer cases.
Details of the selection of controls from a screening centre (screened controls) and of patients with breast cancer, and the criteria used to classify films, are given in the accompanying paper (Boyd et al., 1982) and will not be repeated here.
Controls from a diagnostic referral service (diagnostic controls) w%Aere selected from -2400 patients referred to the breast diagnostic service of Women's College Hospital during the years 1977-78 who were considered to be free of breast cancer after evaluation.
Patients were generally referred because of suspected breast disease, and most had symptoms. Many also had abnormalities on physical examination. Patients were randomly selected from the total group of referred patients, and retained in the diagnostic control group if they had had a mammogram, were aged 40-65 years, and could be age-matched to a case. If any of these criteria could not be met the subject was rejected and another random selection made. The data systematically collected at the time of the patients' attendance at the breast diagnostic service included information about breast symptoms. Both control groups and the case group had had mammograms in the Department of Radiology at Women's College Hospital. Because the mammogram from the cancerous breast of the cases was expected to show radiological signs of malignancy, which would have alerted the radiologist to their identity, we chose the film from the non-cancerous breast. The mammograms from these 3 groups were then arranged in random sequence and the pattern of the parenchyma classified independently by 3 of us at different institutions, without knowledge of which films were from cases and which from controls. Five hundred and thirty-two of the 549 mammograms (970 %) used in this study were xeromammograms.
Statistical procedures.-The association between breast cancer and the parenchymal patterns was assessed using the odds ratio. The statistical significance of the observed association was tested by x2, calculated as described by Fleiss (1973) . The P values cited were calculated by Fisher's exact test (Fisher, 1954) . Ninety-five per cent confidence intervals were calculated for the odds ratios, using the iterative technique of Cornfield (Fleiss, 1979) . Agreement between radiologists on the classification of films was assessed using the weighted Kappa statistic (Cohen, 1960; Cicchetti, 1976 Comparison of diagnostic control group and breast-cancer cases Table II shows the prevalence of each of the mammographic parenchymal patterns in the diagnostic control group and the case group according to the 3 radiologists. Each reader classified the mammograms from controls and cases in a similar way, and there were no significant associations between the case group and any of the mammographic patterns.
Evidence for referral bias affecting the diagnostic controls These results show that the demonstration of an association between the DY mammographic pattern and breast cancer in this case-control study is critically dependent on the selection of the controls.
The true prevalence of the DY mammo- It thus seems likely that the referral bias observed in the diagnostic control group arose, at least in part, because of a relationship between the DY mammographic pattern and symptoms of breast disease.
Observer variation in the classification of mammographic patterns Table IV shows agreement between Radiologists A and B on the classification of the total set of 549 films. These two readers agreed exactly on the classification of 366 of these films (67%). If credit for some categories of disagreement is taken into account, using weights proposed by Cicchetti for continuous-ordinal classifications, the proportion of agreement rises to 84%. (In using these weights, cells of perfect agreement are multiplied by 1, those one category apart by 0-66, and those two categories apart by 0 33; classifications 3 categories apart are given a weight of 0. The sum of the products of cell number and weight is divided by the total number of films to give the proportion of weighted agreement.) Further, taking into account the amount of agreement expected by chance using the weighted Kappa statistic, Kappa was 062 for this pair of readers indicating agreement significantly greater than expected by chance. Values of weighted Kappa for the other two pairs of readers were 0-60 for A and C, and 0 61 for B and C.
DISCUSSION
These results show a strong association between the DY mammographic pattern of XVolfe's classification and breast cancer, when the mammographic patterns of breast-cancer cases are compared to those of largely asymptomatic controls from a screening centre. However, this association is not seen when the comparison group consists of symptomatic women attending a diagnostic referral service. This difference in results appears to arise, at least in part, from an association between the DY pattern and symptoms (Peyster et al., 1977; Kessler & Fishedick, 1980; Rideout & Poon, 1977; Doyle et al., 1979) . Other case-control studies from screening centres where a low prevalence of breast symptoms would be expected in the control group, have generally confirmed the DY pattern as a risk factor for breast cancer (Hainline et al., 1978; Wilkinson et al., 1977; Chaffe et al., 1979) .
Cohort studies are less susceptible to the form of referral bias identified in this study. Wolfe's two original reports of the association of parenchymal pattern with breast cancer were based upon cohorts and 5 subsequent studies of this type (Egan & Mosteller, 1977; Egan & McSweeney, 1979; Krook etal., 1978; Krook, 1978; Threatt et al., 1980) have confirmed Wolfe's findings. In two of these reports (Egan & Mosteller, 1977; Egan & McSweeney, 1979 ) differences in breastcancer incidence according to mammographic pattern in the cohort have been partly obscured by adding to them the prevalence of breast cancer observed at first examination, the latter possibly having been influenced by the referral bias described above. Two cohort studies have not confirmed Wolfe's findings (Moskowitz et al., 1980; Ernster et al., 1980) but in both there was a relatively small number of cases of breast cancer and a short follow-up.
Differences between radiologists in the classification of films were seen in this study, despite the use of agreed criteria for classification. These differences did influence the strength of the observed association between the DY pattern and breast cancer, but a statistically significant association was found by all 3 readers.
The results of this study suggest that the radiological appearances of dysplasia are risk factors for breast cancer. However, the recognition of radiological dysplasia as a risk factor requires careful attention to the selection of controls, and its quantitative importance is considerably influenced by the radiologist who reads the films. Failure to recognize these two important sources of distortion may be responsible for some of the conflicting reports in the literature.
